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Introduction

Thecombinationof ultrafastlaserswith x-raysholdsgreat
promisein the studyof ultrafastphenomenaanda num-
ber of representative experimentshave beendonein re-
centyears. Here,a laser-pump,x-ray-probeexperiment
on GaAsis described.Furtherdevelopmentof the tech-
niquecouldeventuallyleadto apowerful spectroscopy of
thebandstructureandcarrierdynamicsin semiconductors
where the core level of the x-ray transition is an abso-
lute energy reference.Other than in absorptionand lu-
minescencespectroscopy with only visible-light photons,
theinformationobtainedis directandnotconvolutedover
all pairsof stateswith agivenenergy difference.

Methods and Materials

In thepresentexperiment[1, 2], conductedatstation7ID-
D of MHATT-CAT, x-raysweremonochromatizedtomatch
a transitionfrom theGaK level to thevalencebandof a
GaAssampleandpulsesof frequency-tripledlight from a
1 kHz Ti:sapphirelaserwerefocusedontothesample(see
fig. 1). Thephotonenergy of 4.6eV correspondsto anab-
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Figure1: A schematicof thesetupwith x-ray monochro-
mator, channelcut(seetext), focusinglens,harmonicsup-
pressingmirror, andfemtosecondlasersystem.

sorptionmaximumin GaAsdueto parallelbranchesin the
valenceandconductionbands.Beingjust shortof theGa
K absorptionedge,thex-rayssuffer little absorption,and
thereis only a smallGaK � fluorescenceyield dueto the
tail of the lifetime-broadenedK corelevel. Whenstates

in the valencebandare vacatedby laser-inducedtrans-
fer of electronsto theconductionband,theGaK absorp-
tion crosssectiongoesup andtheGaK � fluorescencein-
creasesaccordingly. Thex-raysdothusprobethevalence
holesasthey arecreatedandrelaxto thedirectbandgap,
until they areeliminatedby recombination.This is shown
schematicallyin fig. 2.
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Figure2: Bandstructure of GaAsandcore levelsof Ga,
with x-raysprobinglaser-vacatedvalencestates.

The x-ray monochromatorwas calibratedby plotting
theGaK � fluorescenceyield without laserexcitationover
thex-ray energy (seefig. 3), with thedotsrepresentinga
simplemonochromatorscan,andthesolid line showing a
slight increasein contrastdueto anadditionalchannelcut
Si crystal in the beampath. The remainingwidth of the



curve is mainly dueto the K corehole lifetime broaden-
ing. Two energiesonthelowerendof theabsorptionedge,
indicatedby verticallinesin fig. 3, werethenselectedand
theGaK � yield from thex-raybunchesthatthelaserwas
timedto, normalizedby theyield from theotherbunches,
wasmeasuredin scansof the lasertiming relative to the
x-raysover 9;:=<=< ps.

Results

Theresults,shown in figs.4 and5, indicateanincreaseof
the normalizedGa K � fluorescence,following the laser
excitationandpersistingfor ca.250ps.This timeis much
longerthanthe relaxationtimesof the photoexcitedcar-
rierestowardsthedirectbandgap,andis consistentwith
the recombinationtime in GaAs. The resultscan thus

0

10

20

30

40

10.36 10.37 E[keV]

fluo. [arb. units]

Figure3: Energycalibrationwith theGaK � fluorescence.
Crosses:usingonly themainmonochromator, solid line:
with main monochromator and channelcut (seefig. 1).
The vertical lines indicate the energies chosenfor the
measurement(seefigs.4 and5).
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Figure4: NormalizedGaK � fluorescenceyieldover laser
timing at an incident energy of 10.367keV (left vertical
line in fig. 3). Poissonstatisticsare indicatedsummarily.
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Figure5: NormalizedGaK � fluorescenceyieldoverlaser
timing at an incidentenergy of 10.367keV(right vertical
line in fig. 3). Poissonstatisticsare indicatedsummarily.

beexplainedasan increasein theGaK absorptioncross
sectiondueto laser-createdholesaccumulatingat thetop
of thevalenceband.

Discussion

To improvetheenergy resolutionbeyondthelimits of the
K shell lifetime broadening,an analyzercrystal for the
fluorescentx-rayscould be used. It would thenbecome
possibleto resolve stateswithin the bandstructureand
follow theconcentrationof valenceholeduringrelaxation
afterphotoexcitation. Besidesthespectroscopicapplica-
tion, the principle of this experimentcould alsobe used
for ultrafastlaser, x-ray correlation[3]. The time resolu-
tion wouldbegivenby thetimeconstantsof holecreation
(down to a few femtoseconds)andrelaxation(ca.100 fs
with intra-bandrelaxationof deepvalencestates).
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